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[57] ABSTRACT

A process for obtaining a measured value from an electric
signal with a predetermined rated frequency, wherein the
electric signal is scanned with a scanning frequency that is
N times the rated frequency. After analog-to-digital
conversion, the measured value is determined in an analyzer.
In order to determine the measured value with a compara-
tively high accuracy, a measured value (fy;,,) is generated by
means of a frequency meter (8). The measured value (fy;,,)
is multiplied by a factor N yielding a derived measured value
(f4..;). An analog-to-digital converter (1) is clocked with a
scanning frequency (f,) that comresponds to the derived
measured value (I,..;)-

4 Claims, 1 Drawing Sheet
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DIGITAL PROCESS FOR OBTAINING A
MEASURED PARAMETER FROM AN
ELECTRIC SIGNAL

FIELD OF THE INVENTION

The present invention relates to a digital process for
obtaining a measured parameter from an electric signal
having a predetermined rated frequency, and more particu-
larly wherein:

the electric signal is scanned by a scanning device that
yields scanning values with a scanning frequency that
is generated by a clock generator and corresponds to N
times the rated frequency of the electric signal,

the scanned values are converted to digital values in an
analog-digital converter and

the measured value parameter is obtained from the digital
values in an analyzer.

BACKGROUND INFORMATION

A digital process for obtaining a measured parameter from
an electric signal is described, for example, in the book by
P. Profos and T. Pfeifer, Handbuch der industriellen
Messtechnik [Handbook of Industrial Measurement
Technology], 1992, pages 404 and 405. In this known
method, in order to measure the effective value, an electric
signal formed from an electric voltage with a predetermined
frequency is scanned and subjected to an analog-to-digital
conversion and then used to calculate the effective voltage
value in an analyzer. An effective current value and the
electric power can be determined with this known method.

Other known processes of this type are described in the
book by R. Felderhoff Elektrische und elektronische
Messtechnik [Electric and Electronic Measurement
Technology], 5th edition, 1990, pages 307 to 311 and the
book by R. Lappe and E Fischer Leistungselektronik-
Messtechnik [Power Electronic Measurement Technology],
2nd edition, 1993, page 242.

The frequency measurement can be performed as
described in the article by J. Heydeman and E. N. Lulf
“Microprocessor Based Underfrequency Relaying,” Delft
University of Technology, the Netherlands, published in IEE
Conference Publication No. 249, Third Internal Conference
on Developments in Power System Protection, 19835, pages
24 to 28. The voltage is scanned with a frequency of 2.5
kHz, which is accomplished by programming the micropro-
cessor to generate interrupts with this frequency. The pas-
sage of the voltage through zero is detected by the software.
The frequency of the voltage can then be calculated from the
number of pulses counted during one period of the voltage
by forming the ratio of the scanning frequency to the number
of pulses per period. The accuracy of this known method of
frequency measurement is determined first by the accuracy
that can be achieved in determining the length of the period
and second by the scanning frequency.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a digital
method of determining a measured value from an electric
signal, so the measured value can be determined with a
much greater accuracy than has been possible with the
known method described above, and this can be accom-
plished without any significant increase in effort or expense
and without requiring a longer analysis time.

To achieve this object, the following measures are imple-
mented according to the present invention in a digital
process of the type described above:
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a measured value that corresponds to the instantaneous
frequency of the electric signal is determined with a
frequency measurement device, |

the measured value is multiplied by a factor N, generating
a derived measured value,

an intermediate value that corresponds to the ratio of the

- clock frequency of the clock generator to the derived

measured value is formed in a quotient forming circuit
and

this intermediate value is used to adjust the divider ratio
of a frequency divider instalied between the clock
generator and the clock input of an analog-digital
converter so that the frequency corresponding to the
derived measured value is sent to the clock input, where

a change in the divider ratio is not implemented until
after several periods of the electric signal have elapsed.

It is known from German Patent 41 22 399 Al that the
scanning frequency in a process for digital measurement of
voltages and currents in a power supply system can be
derived from the instantaneous frequency of the variable

‘parameter measured in order to be able to perform relatively

accurate measurements, German Patent No. 41 22 399 Al,
however, does not contain any reference to a clock generator
or a downstream quotient forming circuit that receives a
measured parameter derived from the instantaneous fre-
quency of the electric signal measured.

An important advantage of the process according to the
present invention is that regardless of the instantaneous
frequency of the analog electric signal measured in each
case, it uses a scanning frequency corresponding to N times
the instantaneous frequency of the electric signal. This
yields a great increase in measurement accuracy because the
number of scans performed per period of the electric signal
is always the same even at signal frequencies other than the
rated frequency. In the process according to the present
invention, the scanning frequency is adjusted to the respec-

tive measured frequency of the electric signal. This is
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accomplished with a great accuracy because an intermediate
value that corresponds to the ratio of the clock frequency of
the clock generator to the derived measured value is formed
in the quotient forming circuit. This assures that the scan-
ning frequency will always be derived anew from the clock
frequency of the clock generator. This is done with a high
accuracy because an intermediate value corresponding to the
ratio of the clock frequency of the clock generator and the
derived measured value is formed in the quotient forming
circuit. This assures that the scanning frequency will always
be derived anew from the clock frequency of the clock
generator.

In the process according to the present invention, the
frequency measurement device is preferably a digital fre-
quency meter because of the high accuracy it permits in
measuring the frequency.

The frequency measurement can be performed as
described in the article by J. Heydeman and E. N. Lulf
“Microprocessor Based Underfrequency Relaying”, Delft
University of Technology, the Netherlands, published in IEE
Conference Publication No. 249, Third Internal Conference
on Developments in Power System Protection, 1985, pages
24 to 28. The voltage is scanned with a frequency of 2.5
kHz, which is accomplished by programming the micropro-
cessor to generate intetrupts with this frequency. The pas-
sage of the voltage through zero is detected by the software.
The frequency of the voltage can then be calculated from the
number of pulses counted during one period of the voitage
by forming the ratio of the scanning frequency to the number
of pulses per period. The accuracy of this known method of
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frequency measurement is determined first by the accuracy
that can be achieved in determining the length of the period
and second by the scanning frequency.

The frequency of the electric signal can be determined
with an especially high accuracy with a process whereby the
digital frequency meter, as a linear-phase nonrecursive digi-
tal filter that receives the electric signal and has a symmetri-
cal distribution of its filter coefficients, is designed as an
all-pass filter; another linear-phase nonrecursive digital filter
that also receives the electric signal and has a symmetrical
distribution of its filter coefficients is designed as a low-pass
filter such that its transmission function has a value of one
at a predetermined frequency of the electric signal. Down-
stream from the all-pass filter there is a circuit element
having a linear-phase transverse filter with a symmetrical
distribution of its filter coefficients at the input in one branch,
a downstream delay element and a downstream multiplier,
and at the input, in a branch parallel to the first branch, there
is another linear-phase transverse filter with an antisym-
metrical distribution of its filter coefficients and with a
transmission function value of one at a predetermined
frequency, another downstream delay element and another
downstream multiplier, where one multiplier is also con-
nected at the input to an output of the second transverse
filter, and the other multiplier is also connected to the output
of the first transverse filter, and it contains a differentiating
circuit whose inputs are connected to the outputs of the
multiplier. A circuit device identical in design to the circuit
element is connected downstream from the low-pass filter
and the output of the differentiating circuit of the circuit
element and the output of the circuit device are connected to
a quotient forming circuit, which is upstream trom a square
root extractor that is in furn connected to an inverse function
forming circuit. Additional details and advantages of this
type of frequency measurement can be obtained from the
German Patent Application P42 11 946.4 or the correspond-
ing International Patent Application PCT/DE/93/00262.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a system for carrying out
the process of the present invention.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of a system for implement-
ing the present invention. The diagram of FIG. 1 serves
primarily to illustrate the process according to the present
invention. In practice, the process according to the present
invention would preferably be carried out using a micro-

Processor.

As FIG. 1 shows, an analog electric signal u, such as the
voltage of an electric power supply system (not shown), is
sent to an analog-digital converter 1 that has an integrated
scanning device 2 at the input. An analyzer S is connected
downstream from analog-digital converter 1 to determine
the effective value u_, of voltage u. In addition, a scanning
signal generator 7 connected to the output of the analog-
digital converter 1 has a digital frequency meter 8 at its
input. The scanned digital values of electric signal u are
picked up by downstream digital frequency meter 8 which
may be designed and may function as described in detail in
the article mentioned above. However, an arrangement sach
as that disclosed in the German Patent Application P 42 11
946.4-35 or the corresponding International Patent Applica-
tion PCT/DE/93/00262 is the preferred type of frequency
meter. Digital frequency meter 8—as well as analyzer
5—has a clock generator 9 that delivers a clock frequency £,
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4

to the digital frequency meter 8. A measured value fy;,, that
represents the instantaneous frequency of the signal u is then
obtained at the output of digital frequency meter 8.

The measured value f,;, is sent to a multiplier 1¢ where
it is multiplied by a factor N. The factor N represents the
ratio of the scanning frequency f, to the rated frequency of
the analog electric signal u. For example, with a voltage in
an electric power supply system as the analog electric signal
u, the rated frequency is 50 Hz. This corresponds to the rated
frequency of the system. A scanning frequency £, of 1 kHz,
for example, is selected, so the factor N has a value of 20.

A derived measured value f, . ,; that is obtained at the
output of multiplier 10 provides the theoretical scanning
frequency. In the numerical example given above, this
frequency is thus 1 kHz in the case when the voltage u has
a frequency of exactly 50 Hz. However, it the instantaneous
frequency at the output of the digital frequency measure-
ment device is found to be 49.5 Hz, for example, so that the
measured value f,. , is 49.5 Hz, then a theoretical scanning
frequency of only 990 Hz is calculated, because the derived
measured value f,, ., is equal to Nxf,; . The derived mea-
sured value f,__,, is sent to a downstream quotient forming
circuit 11 that also receives the clock frequency f, of clock
generator 9. Then an intermediate value M that can be
described by the following equation is obtained at the output
of the quotient forming circuit:

fQﬁIﬂIFM

The intermediate value M is used to alter the divider ratio
of a downstream frequency divider 12 whose other input is
connected directly to clock generator 9. Thus a signal with
the frequency f,, . that can be described by the following
equation is obtained at the output of frequency divider 12:

FaisF Q'(fa.saf/fg)

Therefore. the frequency £, ;,, corresponds to the theoreti-
cal scanning frequency, which assures that the analog-digital
converter 1 will always be cycled with a frequency f, that
corresponds exactly to N times the respective instantaneous
frequency of the electric signal u. The output of frequency
divider 12 is connected to a clock input 13 of analog-digital
converter 1.

To keep the operation of the process described here stable,
analog-digital converter 1 does not receive a newly adjusted
scanning frequency immediately after there is a change in
measured value f,,.. but instead a delay is implemented in a
manner that is not shown here but may be on the order of
four periods of the electric signal u, for example. Only after
four periods of the signal u have elapsed does any change in
measured value f,. . have an effect on scanning frequency
f,. |
What is claimed is:

1. A method for determining an effective value of an
electric signal with a predetermined rated frequency,
wherein:

the electric signal is scanned and digitized in an analog-
to-digital converter with a scanning device having a
scanning frequency corresponding to a factor N times
the rated frequency of the electric signal, the analog-
to-digital converter generating digital sample values
from the electric signal, and

an analyzer is used to determine the effective value from
the digital sample values, the method comprising the
steps of:
measuring the digital sample values generated by the
analog-to-digital converter, with a frequency meter,
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to obtain a measured value corresponding to an
instantaneous frequency of the electric signal;
multiplying the measured value by the factor N to yield
a derived measured value:
generating an intermediate value M corresponding to a
quotient of a clock frequency generated by a clock
generator and the derived measured value;
generating the scanning frequency by dividing, in a
frequency divider, the clock frequency by an adjust-
able divider ratio; and
adjusting the divider ratio of the frequency divider
using the intermediate value M so that the scanning
frequency of the scanning device is equal to the
derived measured value,
wherein the step of adjusting the divider ratio is
delayed for several periods of the electric signal.
2. The method of claim 1, wherein the frequency meter 1s
a digital frequency meter.
3. A system for determining an effective value of an
electric signal with a predetermined rated frequency,
wherein:

the electric signal is scanned and digitized in an analog-

to-digital converter with a scanning device having a

scanning frequency corresponding to a factor N times
the rated frequency of the electric signal, the analog-
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to-digital converter generating digital sample values
from the electric signal, and

an analyzer is used to determine the effective value from

the digital sample values, the system comprising:

a frequency meter receiving the digital sample values
for generating a measured value corresponding to an
instantaneous frequency of the electric signal;

a multiplier for multiplying the measured value by the
factor N to yield a derived measured value;

a quotient forming means for generating an intermedi-
ate value M corresponding to a quotient of a clock
frequency generated by a clock generator and the
derived measured value;

a frequency divider for geénerating the scanning fre-
quency by dividing the clock frequency by an adjust-
able divider ratio, wherein the divider ratio 1is
adjusted in accordance with the intermediate value
M so that the scanning frequency of the scanning
device is equal to the derived measured value; and

delay means for delaying the adjustment of the divider
ratio for several periods of the electric signal.

4. The system of claim 3, wherein the frequency meter is
a digital frequency meter.
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